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cense.Abstract Six plant polysaccharides (PS) were extracted from mature okra fruits (Hibiscus escu-
lents), whole plant Jew’s-mallow (Corchorus olitorius) and taro corm (Arum colocasia). Three of
these products were isolated as ethanol insoluble materials (PS1-type products), while the other
three were attained as ethanol soluble substance (PS2-type products). Different concentrations
(0.1%, 0.2%, 0.3%, 0.4% and 0.5%) of extracted PS1 and PS2-types, were used in the manufacture
of yoghurt mainly for stabilizing of yoghurt texture. The resultant yoghurt was analysed organolep-
tically (appearance, body and texture and ﬂavour) and chemically after production as well as during
cold storage (0, 3, 5 and 7 days) at 5 ± 1 C. Results showed that yoghourt with good appearance,
body and texture and ﬂavour could be produced by using PS extracted from taro at concentration
0.3%, okra at concentration 0.1% and Jew’s-mallow at concentration 0.1%.
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There are many polysaccharides (PS) that are not yet exploited
commercially, but are used extensively in traditional local rec-
ipes. These carbohydrate materials usually come from plants
that grow wild or cultivated only at limited scale, their func-
tional properties as food hydrocolloids remain largely unex-
plored (Lengsfeld et al., 2004).
Amongst the plant sources used for PS production, edible
species are more suitable for food applications. Examples for
these plant sources include Hibiscus esculents (okra),Corchorus
olitorius (Jew’s-mallow) and Arum Colocasia (taro).
Okra is one of the most common in domestic cooking in the
Central and Western parts of Africa. Okra is either used fresh
or dried and ground to thicken and ﬂavour soups. Its PS was
98 M.M. Hussein et al.found ﬁrstly as an acidic PS consisting of galactose, rhamnose
and galacturonic acid (Lengsfeld et al., 2004).
Jew’s-mallow ‘‘Meloukhiya’’ is native to Egypt and the
Middle East. Stem of the plant is an important source of ﬁbres,
while leaves are so rich in vitamin B and b-carotene and also
contain water soluble mucilage. Yamazaki et al. (2008) re-
ported that viscous hydrocolloid from leaves of Jew’s-mallow
consisted of mainly uronic acid and the content was approxi-
mately 90% of total sugars and exhibited high viscosity in
aqueous solution.
Taro is a tropical tuber crop largely produced for its under-
ground corms and consumed in tropical areas of the world.
Taro has been reported to have 70–80% starch with small
granules (Jane et al., 1992). It is also rich in mucilage as up
to 9.1% crude taro mucilage has been extracted from taro cor-
ms (Hong and Nip, 1990). Because of the small sizes of its
starch granules, taro is highly digestible, and suitable to be
used for the preparation of infant foods in Hawaii and other
Paciﬁc Islands (Nip, 1997). Agbor-Egbe (1991) reported that
despite its nutritional, industrial and health importance, taro
has not gained sufﬁcient research attention to enhance its po-
tential. In addition to this fact, it has a high post harvest loss
due to its high moisture content.
A major concern of the yoghurt industry is the production
and maintenance of a product with optimum consistency and
stability. Omer (2003) mentioned that factors known to im-
prove consistency are increasing total solids, manipulation of
processing variables and characteristics of starter culture.
The addition of stabilizers (such as polysaccharides) improves
body and texture, appearance and mouthfeel and retards syn-
eresis of yoghurts (El-Sayed et al., 2002; Jawalekar et al., 1993;
Khalafalla and Roushdy, 1997; Tayar et al., 1995). Stabilizers
are important in several manufactured products including yo-
ghurt (Awan, 1995). These substances prevent separation of
various ingredients and increase the viscosity. The addition
of polysaccharides as a stabilizer in the manufacture of yo-
ghurt is a common practice. Stabilizers are sometimes referred
to as hydrocolloids and have two basic functions in yoghurt:
the binding of water and improvements in texture. Abd El-Sal-
am et al. (1996) added that the action of stabilizers in yoghurt
depends on their composition, rheological properties and abil-
ity to interact with milk proteins.
The aim of this study is to isolate the polysaccharides from
the aforementioned vegetables, namely okra (H. esculents),
Jew’s-mallow (C. olitorius) and taro (A. colocasia) and study
the feasibility of using these polysaccharides for improving yo-
ghurt consistency.Materials and methods
Plant sources
Commercial mature fruits of okra (H. esculents), whole plant
of Jew’s-mallow (C. olitorius) and corm of taro (A. colocasia)
were purchased from the local market.
Milk
Fresh skim buffalo’s milk was obtained from the herd of Fac-
ulty of Agriculture, Cairo University.Yoghurt starter
Freeze dried mixed yoghurt culture [Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus salivarius subsp. thermo-
philus (1:1)] was obtained from Chr. Hansen’s Laboritorium
A/S Copenhagen, Denmark.
Extraction of polysaccharides
The plant PS were extracted according to Wong et al. (1994),
Ndjouenkeu et al. (1996) and Sanya et al. (2004) as follow:
Five grams of the vegetable substance was heated with
100 ml water at 100 C under reﬂux for 2 h. After cooling
and ﬁltration, the residual material was further extracted under
the same conditions and the resulted extract was mixed with
the ﬁrst one and then concentrated under vacuum (45 C) to
half volume, then dialysed against distilled water for 48 h.
The dialysed solution was then centrifuged (4000 rpm for
15 min) and the supernatant containing the PS were precipi-
tated with 3 volumes of ethanol. After another centrifugation
(4000 rpm for 10 min), the resulted precipitate was then dried
(under vacuum) at 45 C, weighed and designated as (PS1)-
type. The ethanol-soluble material was similarly dried,
weighed and designated as (PS2)-type.
Preparation of yoghurt
Different concentrations (0.1%, 0.2%, 0.3%, 0.4%, and 0.5%)
of (PS1 and PS2) which extracted from the three previously
mentioned plant sources were dissolved individually in the
least amount of milk. Each resultant mixture was added to
suitable amount of skimmed buffalo’s milk (previously heated
to 85 C for 5 min, heat treatment was conducted to improve
the consistency of the produced yoghurt, limit whey expulsion,
partial concentration of milk by evaporation and destroy the
undesirable microorganisms). Inoculation was carried out by
using yoghurt starter (2%) while incubation was achieved at
42 ± 1 C for 2.5 h (until coagulation was completed). After
that, the prepared fresh yoghurt was organoleptically tested
for appearance, body and texture and ﬂavour. Resultant yo-
ghurt was stored at cold temperature in the refrigerator for 7
days whereas chemical analysis was carried out after 0, 3, 5,
7 days of cold storage (Hassan et al., 2010).
Sensory evaluation
Organoleptic properties of yoghurt were evaluated by a panel
of 20 trained judges from the staff members at Food Technol-
ogy and Dairy Department, National Research Center,
according to the following scores: appearance (10) points,
body and texture (60) points and ﬂavour (30) points (Hassan
et al., 1999). Results were expressed as mean value of judge’s
scores.Methods of analyzes
According to AOAC (2005) yoghurt chemical analyzes were
carried out. Protein was determined using micro Kjeldahl
method (HCl as ammonia receptor, protein factor 6.38), fat
was extracted by Petroleum ether (B.P. 40–60 C) as a solvent
Utilization of some plant polysaccharides for improving yoghurt consistency 99using Soxhelt apparatus and ash% was calculated after incin-
eration of sample at 550 C for 1 h. Titrable acidity as lactic
acid% (using 0.1 N NaOH for titration and phenolphthalein
as an indicator) and pH were determined as outlined by Ling
(1963). Total solids were measured according to IDF (1982).
Acetaldehyde and diacetyle contents of yoghurt were deter-
mined as described by Lees and Jago (1969). The concentra-
tion of semicarbozone compound formed by the reaction
between acetaldehyde and semicarbozide compound was
determined by UV at 224 nm. Diacetyl content depends on col-
our intensity of product resulted from the reaction between yo-
ghurt sample (after precipitation of protein) and creatinine and
a-naphthol solution using spectrophotometer at 550 wave
length. Total volatile free fatty acids (TVFA, as ml N/10
NaOH/10 g) were measured according to Kosikowski (1982).
Viscosity (cp) of yoghurt was determined using Zum viscosim-
eter type RN-50 HZ. Whey syneresis was estimated by measur-
ing the volume of separated whey (ml/100 gm) yoghurt. The
amount of free whey (g) collected after 30 min at room temper-
ature (23 ± 1 C) was taken as the index of syneresis (Hassan
et al., 1999). Carbohydrates (%) were assayed by the phenol–
sulphuric acid method (Dubois et al., 1956) using glucose as a
standard. Soluble protein (%) was quantiﬁed by the method of
Lowry et al. (1951). The blue colour density formed by the
reaction between soluble protein, Lowery reagent and Folin–
Ciocalteu’s reagent was measured at 750 nm, and the protein
content was calculated from a standard curve of pure bovine
albumin.Table 1 Yield, carbohydrate and soluble protein contents of polysa
Plant sources PS type* Yield (%
Arum colocasia (Taro) PS1 19.5
PS2 10
Hibiscus esculentus L. (Okra) PS1 7.1
PS2 1
Corchorum olitorius (Jew’s-mallow) PS1 6
PS2 1.4
* (PS1) = Ethanol insoluble polysaccharides. *(PS2) = Ethanol-soluble P
Table 2 Organoleptic properties of yoghurt produced by using pol
PS concentration (%) Appearance (10)* Body a
PS1
Control 6 40
0.1 6 42
0.2 7 45
0.3 8 50
0.4 6 48
0.5 5 52
PS2
Control 8 53
0.1 9 55
0.2 9 53
0.3 10 55
0.4 8 50
0.5 7 49
* (PS1) = Ethanol insoluble PS. *(PS2) = Ethanol-soluble PS.Results and discussion
PS extraction of the investigated vegetables, with hot water,
afforded six PS preparations (Table 1). Three of these were iso-
lated as ethanol insoluble materials (PS1), while the other three
were ethanol soluble substance (PS2). The data of Table 1 indi-
cated that the yields of PS1 (6–19.5%) are generally higher
than those of PS2 (1–10%) materials. Taro had highest yield
(19.5%) of PS1 compared to other treatments, while PS2 type
of Jew’s mallow showed the lowest yield (1%). However, the
six PS products were characterized by their high carbohydrate
contents (22.4–87.5%) and low proportions of soluble protein
(3.8–26.7%). Furthermore, the two products (PS1 and PS2) of
taro were characterized by their highest percentages of total
carbohydrates (82.3%) and (87.5%) the lowest proportions
of soluble protein contents (3.8% and 9.6%); respectively.
Thus, an inverse relationship between total carbohydrates
and soluble protein contents of the tested isolated PS was
noted. Taro PS (either PS1 or PS2 type) had the highest total
carbohydrates contents and lowest soluble protein contents.
As shown in Table 2, 0.3% PS extracted from taro had
gained the highest degree for appearance, body and texture
and ﬂavour than other treatments. On the other hand 0.1%
and 0.2%, had intermediate scores in either (PS1) or (PS2)
of taro. Also 0.1% of PS which extracted from okra had
gained the highest total scoring degree (Table 3) whereas PS
extracted from Jew’s-mallow (Table 4) recorded 0.1% as the
best concentration which had gained highest total scoring de-ccharides (PS) extracted from taro, okra and Jew’s-mallow.
) Total carbohydrate (%) Soluble protein (%)
82.3 3.8
87.5 9.6
41.6 10.1
48.8 26.7
40.5 11.2
22.4 18.8
S.
ysaccharides (PS) extracted from taro.
nd texture (60)* Flavour (30)* Total (100)*
20 66
22 70
20 72
25 83
20 64
18 75
29 90
28 92
27 89
29 94
25 83
24 80
Table 3 Organoleptic properties of yoghurt produced by using polysaccharides (PS) extracted from okra.
PS concentration (%) Appearance (10)* Body and texture (60)* Flavour (30)* Total (100)*
PS1
Control 8 57 28 93
0.1 9 58 29 96
0.2 8 57 26 91
0.3 8 56 24 88
0.4 8 55 23 86
0.5 7 54 22 83
PS2
Control 8 55 27 90
0.1 9 57 28 94
0.2 7 50 25 82
0.3 7 48 24 79
0.4 6 50 20 76
0.5 6 49 19 74
* (PS1) = Ethanol insoluble PS. *(PS2) = Ethanol-soluble PS.
Table 4 Organoleptic properties of yoghurt produced by using polysaccharides (PS) extracted from Jew’s-mallow.
PS concentration (%) Appearance (10)* Body and texture (60)* Flavour (30)* Total (100)*
PS1
Control 9 58 28 95
0.1 9 59 28 96
0.2 8 57 25 90
0.3 8 55 24 87
0.4 7 54 23 84
0.5 6 52 22 80
PS2
Control 8 58 28 94
0.1 8 57 25 90
0.2 6 54 23 83
0.3 6 52 22 80
0.4 5 49 21 75
0.5 5 47 20 72
* (PS1) = Ethanol insoluble PS. *(PS2) = Ethanol-soluble PS.
100 M.M. Hussein et al.gree with PS1. Accordingly, the best PS concentrations used in
the later experiments were 0.1% for each of okra and Jew’s-
mallow and 0.3% of taro.
Table 5 illustrates the acidity (expressed as lactic acid%) of
yoghurt manufactured by using PS extracted from okra, Jew’s-
mallow and taro, at the fresh state and during cold storage.
Yoghurt produced by using 0.3% PS extracted from taro
had the highest acidity than all treatments whereas yoghurt
produced by using 0.1% PS extracted from Jew’s-mallow
had the lowest acidity. Yoghurt acidity was gradually in-
creased in all treatments during cold storage, this may be
mainly due to the lactose hydrolysis and fermentation. (Viani
and Horman, 1974; Tamime and Deeth, 1980)
From the same table it is clear that all pH values took
opposite trend of acidity in fresh yoghurt and during cold stor-
age either in control sample or treated samples until 7 days of
storage. Also Table 5 shows the total solids content in control
and treated samples. Treated samples which manufactured by
using PS extracted from Jew’s-mallow had higher total solids
than control and all treatments either fresh or during cold stor-age. This may be due to the components of PS which are ex-
tracted from these plants.
Lactic acid as well as acetaldehyde and diacetyl concentra-
tions, and their relative proportions, seem to be essential for
the ﬁnal ﬂavour of the yoghurt (Beshkova et al., 1998; Zourari
et al., 1992). Lindsay et al. (1965) and Bottazi and Dellaglio
(1967) added that acetaldehyde is known to be a key compound
for aroma. Diacetyl, lactic acid and acetaldehyde contribute
most to the ﬁnal ﬂavour, and their concentrations and relative
levels determine the ‘general quality’ of the product and its
acceptance by consumers. Table 6 shows acetaldehyde (lmol/
100 ml) and diacetyle contents in control and PS treated sam-
ples. Yoghurt manufactured by using Jew’s-mallow PS had
the highest content of acetaldehyde while yoghurt manufac-
tured by using taro PS had lowest content of acetaldehyde.
The acetaldehyde decreased gradually during cold storage in
either control or treatments until 7 days. The same conclusion
was noted for diacetyle content as the highest level was in yo-
ghurt manufactured by using Jew’s-mallow PS. These results
are in agreement with Hassan et al. (2001), Goerner et al.
Table 5 Chemical composition of yoghurt produced by using different plant polysaccharides extracts.
Storage
period (days)
Control Acidity as lactic acid%
Taro (0.3%) Okra (0.1%) Jew’s-mallow (0.1%)
PS1 PS2 PS1 PS2 PS1 PS2
0 0.78 0.83 0.77 0.82 0.8 0.79 0.77
3 0.91 0.97 0.92 0.93 0.91 0.88 0.79
5 0.98 1.13 1.01 1.1 1.01 0.95 0.83
7 1.15 1.18 1.14 1.19 1.17 1.18 0.79
pH
0 4.6 4.3 4.6 4.2 4.4 4.3 4.2
3 4.5 4.2 4.6 4.2 4.3 4.2 4.3
5 4.4 4.1 4.2 4.1 4.1 4.1 4
7 4.3 4 4.2 4 4 4 3.8
Total solids (%)
0 12.1 11.5 12 11.7 11.5 12.2 13.1
3 12.2 11.7 12 11.7 11.5 12.3 13.3
5 12.2 11.8 12.1 11.8 11.6 12.3 13.4
7 12.2 11.9 12.1 11.9 11.6 12.4 13.4
Fat (%)
0 0.37 0.3 0.34 0.5 0.41 0.38 0.4
3 0.37 0.31 0.34 0.5 0.42 0.38 0.4
5 0.38 0.33 0.33 0.5 0.42 0.39 0.42
7 0.38 0.33 0.33 0.51 0.44 0.4 0.42
Protein (%)
0 4.65 4.67 4.4 4.1 3.9 4.3 4.5
3 4.65 4.67 4.4 4.1 3.9 4.3 4.5
5 4.66 4.68 4.41 4.2 4 4.4 4.5
7 4.67 4.69 4.42 4.3 4.1 4.5 4.6
Ash (%)
0 0.89 0.91 o.69 0.78 0.82 0.79 0.69
3 0.89 0.91 0.69 0.76 0.82 0.79 0.72
5 0.91 0.92 0.7 0.79 0.83 0.8 0.74
7 0.92 0.93 0.71 0.79 0.83 0.81 0.78
*(PS1) = Ethanol insoluble PS. *(PS2) = Ethanol-soluble PS.
Table 6 Acetaldehyde(lm/100 ml) and diacetyl (lm/100 ml) contents of yoghurt produced by using different plant polysaccharide
extracts.
Storage period (Days) Control Acetaldehyde (lm)
Taro (0.3%) Okra (0.1%) Jew’s-mallow (0.1%)
PS1 PS2 PS1 PS2 PS1 PS2
0 256 301 288 290 350 362 371
3 237 295 271 279 338 344 349
5 229 283 259 268 219 321 255
7 211 270 244 251 289 305 202
Diacetyl content (lm)
0 273 350 295 348 365 375 394
3 261 339 270 321 341 358 366
5 255 315 261 301 323 332 323
7 248 305 255 280 293 307 299
*(PS1) = Ethanol insoluble PS. *(PS2) = Ethanol-soluble PS.
Utilization of some plant polysaccharides for improving yoghurt consistency 101(1972) and Mehanna and Gonc (1988) who reported a decrease
in acetaldehyde content during cold storage of fortiﬁed yoghurt
with different means.
Stabilisers are used in yoghurt to improve consistency (in-
crease viscosity) and reduce syneresis (Lucey, 2002). Table 7illustrates the viscosity and whey syneresis of control and PS
treated samples. It could be noticed that yoghurt manufacture
by taro PS had the highest viscosity than all PS treatments and
obviously increased until the 7th day of cold storage. These re-
sults were in agreement to Hassan et al. (1999). From the same
Table 7 Viscosity (V) and whey synersis (Ws) of yoghurt produced by using different plant polysaccharide extracts.
Storage period (days) Control Taro (0.3) Okra (0.1) Jew’s-mallow (0.1)
PS1 PS2 PS1 PS2 PS1 PS2
V Ws V Ws V Ws V Ws V Ws V Ws V Ws
(cp) (ml) (cp) (ml) (cp) (ml) (cp) (ml) (cp) (ml) (cp) (ml) (cp) (ml)
0 13100 5.4 13300 5.7 14880 5.2 12970 4.8 14500 4.8 14200 5.2 14850 5.1
3 27500 6.5 38850 5.6 36700 5.8 33750 5.5 39000 5.5 47550 5.6 50550 5.7
5 43500 7 44900 7.5 57280 6.9 77600 6.8 77600 6.8 70500 6.8 75100 6.8
7 56900 7.2 63772 7.8 70700 6.9 88550 7.3 88550 7.3 82700 7.2 84600 7.4
*(PS1) = Ethanol insoluble PS. *(PS2) = Ethanol-soluble PS.
Table 8 Total volatile fatty acids (as ml N/10 NaOH/10 g) in yoghurt produced by using different plant polysaccharide extracts.
Storage period (days) Control Taro (0.3%) Okra (0.1%) Jew’s-mallow (0.1%)
PS1 PS2 PS1 PS2 PS1 PS2
0 6.5 8 7.5 7.9 8.13 8.4 7.5
3 8.2 8.9 8.1 8.3 8.5 9.69 8.7
5 9.5 9.9 9.5 9 9.61 11 10.7
7 10.07 11.5 12.1 11.7 10.89 12.3 12.5
*(PS1) = Ethanol insoluble PS. *(PS2) = Ethanol-soluble PS.
102 M.M. Hussein et al.Table, it could be noted that whey syneresis took the same
trend as the control yoghurt.
However texture is one of the main characters that deﬁne
the quality of yogurt. The most frequent defects related to yo-
gurt texture that may lead to consumer rejection are apparent
viscosity variations and the occurrence of excessive syneresis
(Kroger, 1975). Thickeners are added to provide an acceptably
ﬁrm texture and reduce syneresis (Walstra et al., 1999). In
many dairy products, texture is controlled by adding hydrocol-
loids that interact with the casein network (Syrbe et al., 1998;
Thaiudom and Goff, 2003). Functionality of hydrocolloids, at
relatively low concentrations, provides viscosity enhancement
and/or prevention of sedimentation of dispersed particles.
Both proteins and hydrocolloids (mainly polysaccharides) con-
tribute to the microstructural properties of foods, based on
their ability to confer structure to the continuous phase of
the medium, which depends on their solubility in water and/
or intermolecular associations (Baeza et al., 2003; Giboreau
et al., 1994).
Table 8 indicates the total volatile fatty acids in control and
PS yoghurt treatments. Yoghurt manufactured by using Jew’s-
mallow PS had the highest content of total volatile fatty acids.
This may be due to the partial hydrolysis of fat during cold
storage (5 ± 1 C). TVFA increased gradually during cold
storage. These results are in agreement with those of Badawi
and kebary (1996).
Conclusion
Yoghurt with good organoleptic acceptance could be produced
by using polysaccharides extracted from taro (A. colocasia) at
concentration of 0.3%, from okra (H. esculents) at concentra-
tion of 0.1% or from Jew’s-mallow (C. olitorius) at concentra-
tion of 0.1%.References
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